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1. PROJECT: NO, T-2 - Finel Report on Project T-2, Test of Heat Load
Imposed by Protective Clothing, Subject: Ventilation Requirements of a
Ventilated Suit.

a, Authority: Letter, lst ;adorsement, Office of the Surgeon
General, Washington, D.C., dated 1 December 1944,

b. Purpose: To determine the ventilation requirements of an impervi-
ous ventilated suit for use in hot working environments,

2, DISCUSSION:

e ———————

: A positive pressure impervious ventilated suit for industriusl purposes
was submitted by Chemical Warfare Service for study by this laboratory., This
suit, made of nylon fabric impregnuted with neoprane, was ventllated by positive
distribution of air, The study was undertaken to determine the volume; the
tempsrature, and the water content of the ventilating air that would permit men
to worg in the suit with comfort in environments with dry bulb temperatures up
to 120°F,

3. CONCLUSIONS:
a. To maintain comfort for men-working in environments with dry bulb
temperatures up to 120°9F, and asir movement up to 70 fpm. the following suit
ventilation characteristics were satisfactory:

(1) Air flows from 1.5 to 2.5 lbs. per minute,

(2) Water content of the incoming air below 60 grains per pound
of dry air,

(3) If the air flow is 2.0 - 2,5 lbs, per minute and the water
content LS grains or less, the temperature of the incoming wir
may vary between S00F, and 1300F,
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4o RECOMMENDATIONS:
8. That provision be made for a maximum air flow of spproximately
three (3) pounds per minute with loweat possible water content below 40
graina per pound of dry eir.

bo That provision for individual adjustzent of air flow for each
suit be provided,

s. That for further improvement of the suit additional studies be
conducted to determine the best internal distribution of the ventilating air,

Submitted by: APPROVED /(/Aé&a/ MM

Theodore F, Hatch, Lt. Col, SnC WILLARD MACHLE

James W, Gregg, P-4 Colonel, Medical Corps
Ludwig W, Eichna, Major, MC Commanding

Steven M, Horvath, Major, SnC

Nalter B, Shelley, NC

Charles R, Park, Captain, MC

2 Incls,
#1 - Appendix
#2 - Photographs (2)
#3 - Pigure (1)
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APPENDIX

I. DESCRIPTION OF THE VENTI 1

A ventilated suit for certain industrial uses was submitted by Chemical
Warfare Service for study by this laboratory. The experiments were planned
to deterains the necesaary ventilation characteristics. The suit offered for
testing was not a final model., As such, it was to be studied also to sacure
data and information which would facilitate the construction of improved
ventilated suits,

The suit (Photographs Nos 1 and 2; weighed 19 pounds and was made frca neo-
prone impregnsted nylon (0.5 mm thick). A heavy zipper ran transversely across the

back to allow the men to enter and leave the suit. The ventilating air entered

the suit in the back after passing through & seven~foof, length of cloth covered

rubber hose (1"ID), The air was distributed internally by a spider of smooth

bore flexible rubber tubing to the most distal parts of the suit (Fig. 1). PFrom

the ends of the tubing, the air circulated over the bedy of the man to discharge

threugh a single 13 inch opening in the back of the suit. Three other exit open- :
ings were available but were not used in this test because samples of the mixed .
outflow were desired, .

II. METHOD:

The studies w:re made on eight acclimatized men who walked for two=hour periods .
on a treadmill in a hot room wind tunnel, A complete list of the variables con-
trolled in each experiment is given in Table 1 together with the range of values
employed, the method of measurement, and the time of recording data.

During each test periocd the man in the suit walked in the nude except for sccks
and low quarter shcea and a control subject walked behindhia dreseed in herring-
bone twill fatigues. Interruptions were made to allow the recording of dats
detailed in Table 2, Analyeis of this detailed data indicated such large internal
variations that generalised equations of thermal exchanges between msr and environ=
ment could not be developed, Therefore, these demonstrated limitutions of air
calorimstry in impervious suits allowed only a qualitative evaluation.to be made of
vantilation requirements.

I1I. LTS DISCU 1
a. Yentilated Suit Design

Although the sult weighed 19 pounds, this was not considered excessive due
to the 1ifting action of the ventilating air. A free air space of 1 t¢ 5 inches
was maintained between the suit wall and the surface of the man except for amall
constant areas of contact at the shouldors and inconstant points of contact at
elbows, knees, and hands. The ballooning of the suit gave an appearance of greater
clumainess than was actually the case. The subject could walk without diffioulty,
The gloves were satiafactory for grnapimi but would not persit any delicate manual
operations, Vision was considerably restricted particularly to the sides and downe
ward, Fogging of the glass facepiece was no problem,




Tha dimensiona of the sult were not adjustable and would not accommodate
a man of more than 72 inches in helight. The shortness of the ehoulder to
arat.ch length limited the use of ths suit and caused chafing of the skin of
the groin in most subjects. Entering and leaving the suit was difficult des-
pite the long zipper opening across the back and skin contact with the exterior
of the suit would easily occur at these times, Assistance was always raquired
and tearing at the seama took place on several occasiona. The sir and water
tight zippar was not sufficlently durable and wss ceplaced with a Crown type
zipper which was not air tight.

The neoprene impragnation rendered the basic nylon fabric nearly impervi-
ous to water at the pressure of 1 to 2 mm of mercury used in the suit. However,
leakage of sweat was noted on occaslon and seepsge of water could be mude to

ocour either by inoreasing the pressure or by rubbing the outer surface of the
fabrie, )

Depending upen the velume of alr inflow, the air pressure at the entrance
to the spider ranged from 18 to 40 mm, of mercury. Because of the low outlet
resistance internal suit pressures did not exceed 2 mm-at the highest flow rates
(35 cfm), There was a small changs in the temperature of the air during its
passage through ths spider, However, & considerable temperatura change occurred
within a shiort distance of the outlats due to heat tranafer fros the body and
the suit,

The desipn of this suit should not be considered optimal and several de-
ficiencies have been indicated, Because of the sxcellent protective qualities
of the ventilating alr against excessive heat load it appears likely that a
simplification of suit and spider construciion and particularly a reduction in
the overall size of the suit would render it less clumsy and better adapted
for practical use, Such alteratlons would change the charaoteristics of the
suit am presentec here und possibly dacrease the demand for cooling and ‘e~
humidifying the inflowing air. It is likely that the distributing system with~
in the sult is unneceasarily complex 2nd offers too high reslatance, since
approximately 4O mm of mercury are reguired at the inlet to attaln an air flow
of 2,5 lba/min., The heat of compression of the air 1s & drawback under such
circumatances,

b, Ventdlation Requirements

In external environments ranging from 70°F, to 120°F., tolerable
working conditiona in the suit could be maintalned over a wide ranges of lnlet
ailr temperatures. When the molsture content was kept at less than 45 grains
per pound, a range of inlet air temperatures from 60°F, to 130°F, was accapt-
eble, However, optimal comfort® was provided by the uas of the lowar inlet air

‘

# Optimal comfort of the subject was assoclated with the following physiological
conditions: sweat loas of less than 500 grams per hour and a ractal temperature
of less than 100°F, at cessation of & two hour work peried, (A work rate of 250 to
300 eal/hr.) '
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temperatures (70° to 809 . An increase in the ventilation rate improved
the comfort of the subjects and resulted in a lowaring of sweat loss and
final rectal temperaturss, Conditions leading to optimil comfort are
desirable for maximal efficlency. Since they vary from individual to
individual, it is suggested that provision be made esnubling sach man te
regulate the volume of air flowing into his suit to meet his specific
needs for comfort.

Precise psychrometric control of the ventilating air is not importani.
The three critical variables contrelling heat loss~volume,.témperature, and
moisture content-can compensate for one another to a considerable sxtent.
Standard air conditioning apparatus having the following characteristics
wlll meet the requirementss capacity ~ up to 3 lba, per minute per suit,
and adjustable by the man; molsture content ~ down to /5 grains par pound
of air; temperature of air delivered to the suit - down to T70°F, (precise
control not required),
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TAELE 1

Variables Controlled During Each Experimental Period

Varicble Range Method of Measurement linme of
Employed Ly asr—enent
Wind Tunnel DBT 70°= 121°F, Mercury stem thermometer B ety 15 mins
Wind Tunnel WBT 58%« 90°F, Mercury stem thermometer Doy 15 mins

Motor driven
psychrometer

Tunnel Wind
Veloclity

70 # 20 ft/min

llot wire anemometar
Velometer

Burmry 15 mins

Suit inlet DBT

Mercury stem thermometer

Evnmry 15 mins

v
Suit inlet mois-
ture aontent

41 - 88 gre/1b

Alr washar dewpoint

Avocom 1
Conanstart Ad=
JuBustrment,

Suit inlet air-
flow

1.1-2.8 1bs/min
(15 =~ 35 cfm)

Sharp adged pipe
orifice meter

Evnrery 2-5 mina

Treadmill Speed
(3,08 Grade)

203""2°k !ph

-

Stopwatch

Lofb) $hed

Inecl, #l
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FIGURE |

SKETCH OF AIR DISTRIBUTION $YSTEM
WITHIN VENTILATED SUIT
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SFPIDER MADE OF NONPERFORATE( RUBBER TUBING OF Q.6" 1§,
{ EXCEPT CENTRAL BELT WHICH 15 0.76" 1.D. )
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View of mer. or treadndll
wneming anme AL test gevoaratae,
ARMORED MEDICAL RESEARCH LABORATORY
ono, T FORT KNOX, KY. o




Rack View of Ventilated 5Suit
ahowming apparatus used in the test runs

ARMORED MEDICAL RESEARCH LABORATORY
FORT A NOXY XY
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